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Description 

COLD ROLLED STEEL SHEET AND HOT DIPPED STEEL 
SHEET WITH SUPERIOR STRENGTH AND BAKE HARD- 
ENABILITY AND METHOD FOR MANUFACTURING THE 

STEEL SHEETS 

Technical Field 

[1] The present invention relates to a bake-hardenable cold-rolled steel sheet for 

automobile bodies, a hot-dipped steel sheet manufactured using the same, and a 
method for manufacturing the same. More particularly, the present invention relates to 
a bake-hardenable high-strength cold-rolled steel sheet having excellent bake hard- 
enability, aging resistance at room temperature, and secondary work embrittlement 
resistance, a hot-dipped steel sheet manufactured using the same, and a method for 
manufacturing the same. 

[2] 

Background Art 

[3] As used for exterior plates of automobile bodies, bake-hardenable cold-rolled steel 

sheets typically have a tensile strength of 390 MPa, and exhibit excellent ductility due t 
o the fact that their yield strength is approximately the same as that of mild steel upon 
press forming. Additionally, the bake-hardenable cold-rolled steel sheets have a char- 
acteristic in which the yield strength thereof is increased upon paint baking or coating 
treatment after press forming. 

[4] As for the bake-hardenable cold-rolled steel sheets, steel sheets are mainly used, 

which are manufactured by batch annealing low carbon, P-added, Al-killed steels, and 
have a bake hardening value of about 40 to 50 MPa. 

[5] However, when manufacturing the bake-hardenable cold-rolled steel sheets 

through batch annealing, although compatibility between the formability and the bake 
hardenability can be easily ensured, there is a problem of lowering the productivity. 

[6] In order to improve the productivity based on the batch annealing method, a 

method of manufacturing the bake-hardenable cold-rolled steel sheets by continuous 
annealing of the low carbon, P-added, Al-killed steels has been developed. 

[7] However, when manufacturing the bake-hardenable cold-rolled steel sheets 

through the continuous annealing method, although the bake hardenability can be 
easily ensured due to a relatively rapid cooling rate of the method, there is a problem 
of deterioration in the formability due to rapid heating and short period of annealing. 

[8] 
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[9] * Accordingly, the bake-hardenable cold-rolled steel sheets manufactured by the 

continuous annealing method are restrictively used for the exterior plates of the au- 
tomobiles, which do not require the formability. 

[10] Recently, according to the rapid progress of steel manufacturing technology, it is 

possible to optimize the amount of solute elements in a steel. 

[11] Thus, it is possible to manufacture bake-hardenable cold-rolled steel sheets with 

improved formability by addition of intensive carbonitride-forming elements, such as 
Ti or Nb, to the Al-killed steel. As such, as the bake-hardenable cold-rolled steel sheets 
manufactured by the continuous annealing method are improved in the formability, the 
bake-hardenable cold-rolled steel sheets are increasingly utilized as exterior plates for 
automobiles which require dent resistance. 

[12] Japanese Unexamined Patent Publication No. (Sho) 61-26757 discloses an ultra 

low carbon bake-hardenable cold-rolled steel sheet, which comprises 0.0005 ~ 0.015 
wt% of C; 0.05 wt% or less of S+N; and Ti and Nb or a compound thereof. 

[13] Japanese Unexamined Patent Publication No. (Sho) 57-89437 discloses a bake- 

hardenable cold-rolled steel sheet, which uses a Ti-added steel comprising 0.010 wt% 
or less of C, and has a bake hardening value of about 40 MPa. 

[14] The methods of the disclosures impart bake hardenability to the steel sheets while 

preventing deterioration of the other properties of the steel sheets by appropriately 
controlling the amount of solute elements in the steel through appropriate control of 
the added amount of Ti and Nb or the cooling rate during annealing. 

[15] However, according to the disclosures, since it is necessary to strictly control the 

amount of Ti, N, and S in the manufacturing process in order to ensure appropriate 
bake hardenability, there is a problem of increasing manufacturing costs. 

[16] 

[17] On the other hand, U.S. Patent Nos. 5,556,485 and 5,656, 102 disclose methods of 

manufacturing a bake-hardenable cold-rolled steel sheet using a Ti-V based ultra low 
carbon steel, which comprises 0.0005 - 0.1 wt% of C; 0 ~ 2.5 wt% of Mn; 0 ~ 0.5 wt% 
of Al; 0 - 0.04 wt% of N; 0 ~ 0.5 wt% of Ti; and 0.005 ~ 0.6 % of V. 

[18] In these disclosures, although V can create a carbide such as VC, since it does not 

sufficiently improve the formability due to its too low re-melting temperature, Ti is 
added in an amount of about 0.02 wt% or more in order to enhance the formability. 

[19] Thus, in the case of U.S. Patent Nos. 5,556,485 and 5,656, 102, there are problems 

of deterioration in aging resistance caused by coarse grains as well as an increase of 
the manufacturing costs due to addition of large amounts of Ti. 

[20] Meanwhile, Japanese Unexamined Patent Publication No. (Hei) 5-93502 discloses 

a method for enhancing the bake hardenability through addition of Sn, and Japanese 
Unexamined Patent Publication No. (Hei) 9-249936 discloses a method for enhancing 
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the ductility of the steel by relieving stress concentration on grain boundaries through 
addition of V and Nb. 

Additionally, Japanese Unexamined Patent Publication No. (Hei) 8-49038 
discloses a method for enhancing the formability through addition of Zr, and Japanese 
Unexamined Patent Publication No. (Hei) 7-278654 discloses a method for enhancing 
the formability by increasing the strength while minimizing deterioration of work 
hardening index (N-value) through addition of Cr. 

However, these methods are designed only to enhance either the bake hardenability 
or the formability through addition of alloy elements, and do not simultaneously 
enhance the bake hardenability, the aging resistance, and the secondary work em- 
brittlement resistance. 

In the methods of the above disclosures, although boron, known as an element 
capable of enhancing the secondary work embrittlement resistance, is added in an 
amount of about 5 ppm to the steel, it is limited in its ability to enhance the secondary 
work embrittlement resistance due to the presence of excessive P content. 

Furthermore, if B is excessively added to the steel to enhance the secondary work 
embrittlement resistance, deterioration will occur due to an excessive amount of B, and 
thus, the amount of B which can be added to the steel is limited. 

Accordingly, since the ductiUty-brittleness transition temperature (DBTT) must be 
- 20°C or more in order to prevent the secondary work embrittlement, there are needs 
in the art to add other components to the bake-hardenable steel other than B, and to 
examine new manufacturing conditions. 

On the other hand, it is necessary to enhance corrosion resistance in order to extend 
life span of automobile components. 

For this purpose, the steel sheets are usually subjected to electroplating or hot 
dipping. 

Although electroplated steel sheet has good plating characteristics and excellent 
corrosion resistance, the electroplated steel sheet is very expensive in comparison to 
hot dipped steel sheets, and thus the hot dipped steel sheets are mainly used for au- 
tomobiles. 

Accordingly, in order to improve the corrosion resistance of the hot-dipped steel 
sheets, studies on a hot-dipping process and the hot-dipped steel sheets have been 
continued, and usage of the hot-dipped steel sheets has also been increased 



Disclosure of Invention 
Technical Problem 



WO 2006/001583 



4 



PCT/KR2005/000828 



[32] Therefore, the present invention has been made in view of the above problems, and 

it is an object of the invention to provide bake-hardenable high-strength cold-rolled 
steel sheets having bake hardenability, aging resistance, and secondary work em- 
brittlement resistance by adding a small amount of Nb together with Al, Mo and B, 
while appropriately controlling of the Nb/C ratio and the grain size, hot-dipped steel 
sheets manufactured using the same, and a method for manufacturing the same. 

[33] 

Technical Solution 

[34] In accordance with one aspect of the present invention, the above and other objects 

can be accomplished by the provision of a bake-hardenable cold-rolled steel sheet 
manufactured through hot rolling, cold rolling and continuous annealing of a steel, the 
steel sheet comprising: 0.0016-0.01 %ofC; 0.1 % or less of Si; 0.2 - 1.5 % of Mn; 
0.05 ~ 0.15 % of P; 0.01 % or less of S; 0.08 ~ 0.5 % of (soluble) Al; 0.0025 % or less 
of N; 0.003 ~ 0.1 % of Nb; 0 ~ 0.003 % of Ti; 0.01 ~ 0.4 % of Mo; 0.0005 ~ 0.005 % 
of B; and the balance of Fe and other unavoidable impurities, in terms of weight%, 
while satisfying an Nb/C ratio of 0.3 ~ 0.7, wherein the steel sheet has fine A1N pre- 
cipitates formed upon hot rolling the steel, and a grain size(ASTM No.) of 9 or more, 
the fine A1N precipitates having a size acting as a barrier for suppressing grain growth 
during annealing of the steel sheet. 

[35] In accordance with another aspect of the invention, a hot-dipped steel sheet man- 

ufactured through hot rolling, cold rolling, continuous annealing, and hot dipping of a 
steel is provided, the steel sheet comprising: 0.0016-0.01 %of C; 0.1% or less of Si; 0.2 
~ 1.5% of Mn; 0.05 ~ 0.15 of P; 0.01 % or less of S; 0.08 ~ 0.5% of (soluble) Al; 
0.0025% or less of N; 0.003 ~ 0.1% of Nb; 0 - 0.003 % of Ti; 0.01 ~ 0.4% of Mo; 
0.0005 ~ 0.005% of B; and the balance of Fe and other unavoidable impurities, in 
terms of weight%, while satisfying an Nb/C ratio of 0.3 ~ 0.7, wherein the steel sheet 
has fine A1N precipitates formed upon hot rolling the steel, and a grain size(ASTM 
No.) of 9 or more, the fine A1N precipitates having a size acting as a barrier for 
suppressing grain growth during annealing of the steel sheet. 

[36] In accordance with still another aspect of the present invention, a method for manu- 

facturing a bake-hardenable high-strength cold-rolled steel sheet, the method 
comprising the steps of: hot-rolling a steel slab with finish rolling at or above the Ar^ 
transformation temperature to provide a hot rolled steel sheet after heating the steel 
slab to a temperature of 1,200 °C or more, the steel slab comprising: 0.0016 ~ 0.01 % 
of C; 0.1 % or less of Si; 0.2 ~ 1.5 % of Mn; 0.05 - 0.15 % of P; 0.01 % or less of S; 
0.08 ~ 0.5 % of (soluble) Al; 0.0025 % or less of N; 0.003 - 0.1 % of Nb; 0 - 0.003 % 
of Ti; 0.01 ~ 0.4 % of Mo; 0.0005 ~ 0.005 % of B; and the balance of Fe and other un- 
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avoidable impurities, in terms of weight%, while satisfying an Nb/C ratio of 0.3 ~ 0.7; 
coiling the hot-rolled steel sheet; cold rolling the hot-rolled steel sheet; and continuous 
annealing the cold-rolled steel sheet. 

[37] 

[38] In accordance with yet another aspect of the invention, a method for manufacturing 

a hot-dipped steel sheet, comprising the steps of: hot-rolling a steel slab with finish 
rolling at or above an Ai^ transformation temperature to provide a hot rolled steel sheet 
after heating the steel slab to a temperature of 1,200 °C or more, the steel slab 
comprising: 0.0016 ~ 0.01 % of C; 0.1 % or less of Si; 0.2 ~ 1.5 % of Mn; 0.05 ~ 0.15 
% of P; 0.01 % or less of S; 0.08 ~ 0.5 % of (soluble) Al; 0.0025 % or less of N; 0.003 
~ 0.1 % of Nb; 0 ~ 0.003 % of Ti; 0.01 ~ 0.4 % of Mo; 0.0005 ~ 0.005 % of B; and the 
balance of Fe and other unavoidable impurities, in terms of weight%, while satisfying 
an Nb/C ratio of 0.3 ~ 0.7; coiling the hot-rolled steel sheet; cold rolling the hot-rolled 
steel sheet; continuous annealing the cold-rolled steel sheet; hot dipping the annealed 
steel sheet; and temper rolling the hot-dipped steel sheet. 

[39] 

Brief Description of the Drawings 

[40] The above and other objects, features and other advantages of the present invention 

will be more clearly understood from the following detailed description taken in 
conjunction with the accompanying drawings, in which: 

[41] Fig. 1 is a graph illustrating the influence of grain size upon bake hardening value 

and aging index; 

[42] Fig. 2 is a graph illustrating the influence of Al content upon mechanical 

properties; 

[43] Fig. 3 is a graph illustrating the influence of Mo content upon the bake hardening 

value and the aging index; 
[44] Fig. 4 is a micrograph of microstructure of Inventive steel No. 8 after annealing; 

[45] Fig. 5 is a graph illustrating the influence of drawing ratio upon DBTT for the 

Inventive steel No. 8, Comparative steel No. 6, and a conventional steel; 
[46] Fig. 6 is a graph illustrating stress-strain curves before and after aging the Inventive 

steel No. 8; and 

[47] Fig. 7 is a graph illustrating the influence of the Nb/C ratio upon the bake 

hardening value and the aging index for steels of the invention. 

[48] 

Best Mode for Carrying Out the Invention 

[49] Preferred embodiments of the invention will now be described in detail. 

[50] Requirements for a bake-hardenable cold-rolled steel sheet include a high bake 
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hardening value, a low aging index at room temperature, and excellent secondary work 
embrittlement resistance. 

Bake hardening or natural aging is a phenomenon occurring when interstitial 
elements exiting as solute elements in a steel, particularly, nitrogen or carbon, are fixed 
to dislocations generated during deformation. When contents of solute nitrogen and 
carbon are increased in the steel, a bake hardening value is also increased, with ac- 
companying natural aging due to the excessive amount of solute elements, thereby 
causing deterioration of formability. Thus, it is very important to optimize the amount 
of solute nitrogen and carbon in the steel. 

Since nitrogen has a higher diffusion speed in the steel than that of carbon, nitrogen 
affects the natural aging rather than carbon. 

Thus, the amount of solute nitrogen is reduced in order to secure excellent aging 
resistance. 

As for a method for reducing the amount of solute nitrogen in the steel, it is well- 
known in the art to lower the amount of nitrogen in the steel as much as possible or to 
precipitate nitrogen contained in the steel into a nitride in forms of TiN and A1N as 
much as possible by adding Ti and Al, nitride formation elements, to the steel, thereby 
reducing the amount of solute nitrogen in the steel. 

For the solute carbon, if the amount of solute carbon is excessively lowered, the 
aging resistance is enhanced, whereas the bake hardenability is deteriorated. On the 
other hand, if the amount of solute carbon is excessively increased, the bake hard- 
enability is enhanced, whereas the aging resistance is deteriorated. 

Thus, in order to secure excellent aging resistance and bake hardenability at the 
same time, it is necessary to appropriately control the amount of solute carbon in the 
steel. 

As for a method for controlling the amount of solute carbon in the steel, it is well- 
known to control the amount of carbon in the steel or to precipitate carbon contained in 
the steel into a carbide in forms of TiC, Ti C S and NbC as much as possible by 
adding Ti or Nb, carbide formation elements, to the steel. 

According to the invention, in order to allow the solute carbon to be appropriately 
contained in the steel, it is necessary to control the Nb/C ratio. 

Additionally, in the case of the solute carbon, even though the content thereof is 
contained in the same amount, the bake hardenability and the aging resistance may be 
differently exhibited according to a position of the solute carbon in the steel, that is, 
according to whether the solute carbon is located in grain boundaries or in grains, 
which will be described hereinafter. 
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[62] The reason for the varying influence on the bake hardenability and the aging 

resistance according to the position of the solute carbon in the steel is related to the 
mobility of the solute carbon. 

[63] When the solute carbon is located in grain, it can move relatively freely, thereby in- 

fluencing not only the bake hardenability but also the aging resistance. 

[64] On the other hand, since the solute carbon in the grain boundary is located in a 

relatively stable position, it has minimal affects upon low temperature aging, but 
during high temperature baking, it is activated and affects the bake hardenability. 

[65] As such, the solute carbon in grain influences the aging resistance and the bake 

hardenability simultaneously, whereas the solute carbon in the grain boundary 
influences only the bake hardenability. 

[66] Accordingly, appropriate control of the position of the solute carbon in the steel, 

that is, controlling the solute carbon to be located in the grain boundaries rather than 
the grains can secure the aging resistance and the bake hardenability at the same time. 

[67] 

[68] Thus, it is important to control the position of the solute carbon in the steel together 

with an appropriate content of the solute carbon in the steel in order to secure both 
excellent aging resistance and bake hardenability. 

[69] One of the features of the invention is appropriate control of the amount of solute 

carbon and the position thereof in the steel. 

[70] That is, according to the invention, the contents of carbon and niobium are ap- 

propriately controlled in order to control the amount of solute carbon, and the grains 
are controlled to have a fine grain size so as to allow as much of the solute carbon in 
the steel as possible to be located in the grain boundaries. 

[71] As mentioned above, when the grains become fine, the area of the grain boundaries 

is further increased, and an increased amount of solute carbon present in the steel can 
be located in the grain boundaries, thereby securing the excellent aging resistance and 
the bake hardenability simultaneously. 

[72] Fig. 1 is a graph illustrating the relationship between variation in grain size and 

bake hardening (BH) value and an aging index (AI), as one of the results of studies 
performed by the inventors. 

[73] As shown in Fig. 1, as an ASTM No. of grain is increased, that is, as the grains 

become finer, the AI is remarkably reduced in comparison to the BH value, causing 
value of the BH value - AI to be gradually increased. As a result, it can be appreciated 
from Fig. 1 that as the grains become finer, the AI increases. 

[74] 

[75] On the basis of the result shown in Fig. 1, the inventors attempted to refine the 

grains of annealed steel sheet below a predetermined value to make as much solute 
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carbon present in the grain boundaries in the steel as possible. 

That is, the inventors understood from the result of the studies that it is desirable to 
control the grains to have a grain size (ASTM No.) of 9 or more in order to minimize 
deterioration of the bake hardenability while maximizing the aging resistance. 

Another feature of the invention is that the grains become finer through formation 
of fine A1N precipitates upon hot rolling. 

That is, according to the invention, the fine A1N precipitates are formed upon hot 
rolling, by addition of large quantities of Al to the steel, and suppress grain growth 
when annealing a cold-rolled steel sheet, thereby allowing the grains to become finer. 

Thus, according to the invention, the Al content is appropriately controlled so as to 
allow the fine A1N precipitates to be formed upon hot rolling. 

Additionally, fine grains are more securely achieved by appropriately controlling 
the size of the A1N precipitates. 

Al is known as a deoxidizer and/or a component added for fixing nitrogen by use 
of coarse A1N precipitates in a bake-hardenable steel. 

The bake-hardenable steel, wherein Al and N are combined to form the fine A1N 
precipitates upon hot rolling through appropriate control of Al content, thereby refining 
the grains, so that the solute carbon in the steel is located in the grain boundaries rather 
than in the grains, thereby ensuring the excellent aging resistance and bake hard- 
enability at the same time, is not known in the art. 

Since there are demands for steels which exhibit no detectable change in aging 
resistance for 6 months or more together with a higher BH value, there is a need for a 
technology, which can enhance the bake hardenability while minimizing deterioration 
of the aging resistance. 

In this aspect, the inventor appreciates that Al is a very effective element for 
providing the bake-hardenable steel. 

That is, when soluble aluminum is added in the typical range of 0.02 ~ 0.06 % to a 
steel to which Nb has been added and to which Ti has been added, in the range of 0-30 
ppm, if at all, coarse A1N precipitates are formed in the steel, and simply serve to fix 
the solute nitrogen. However, when the soluble aluminum is added in the range of 0.08 
% or more to the steel, very fine A1N precipitates are formed, and act as a kind of 
barrier suppressing grain growth upon recrystallization annealing, so that the grains of 
the steel are further reduced in size than a conventional Nb-added steel with the soluble 
aluminum added according to a conventional method, thereby providing an effect of 
enhancing the bake hardenability without changing the Al. 

Of course, in a Ti-added steel, nitrogen is precipitated into TiN precipitates, most 
of which are coarse, at a high temperature of 1,300 °C or more, and thus does not sig- 
nificantly influence solid solution or grain refining. 
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[87] In Fig. 2, an example of variation of the bake hardening (BH) value and the aging 

index (AI) of a hot-dipped steel sheet according to variation of the amount of soluble 
aluminum is shown. 

[88] It can be seen from Fig. 2 that as Al content is increased, the BH value is increased, 

whereas the AI varies only slightly. 
[89] In view of the bake hardenability, it can be appreciated from Fig. 2 that the soluble 

aluminum content is preferably in the range of 0.08 % or more. 
[90] According to one of the results obtained by analyzing enhanced effects of the bake 

hardenability through addition of Al as described above, BH is mainly affected by the 

contents of Ti, Nb and Al, as can be appreciated from Equation 1 ; 
[91] BH = 50 - (885 * Ti) - (1589 * Nb) + (62 * Al) — (1) 

[92] Additionally, according to the invention, a hot coiling temperature is appropriately 

selected for grain refining. 

[93] When the hot coiling temperature is too high, the grains become coarse during 

coiling even if the composition of the steel, that is, contents of carbon, soluble 
aluminum, and niobium, is controlled. As a result, coarsening of the grains occurs 
during recrystallization annealing so that the grains have a grain size(ASTM No.) of 9 
or less, thereby increasing the AI. On the contrary, when the hot coiling temperature is 
lowered below a certain degree, aging resistance at room temperature may be 
enhanced, but grain refining becomes excessive, possibly causing an increase of yield 
strength and deterioration of formability, by which elongation and r-value are 
decreased. 

[94] Still another feature of the invention is enhancement of secondary work em- 

brittlement resistance through addition of appropriate amounts of Mo. 

[95] Generally, components for automobiles are formed to have a desired shape through 

repeated pressing. 

[96] Secondary work embrittlement means that cracks are formed during a secondary 

working process after a primary working process. 
[97] The cracks are caused by a phenomenon in which fractures are formed along the 

grain boundaries due to phosphorous (P), which is present in the grain boundaries of 

the steel and weakens coupling force between the grains. 
[98] In order to eliminate the secondary work embrittlement, it is basically desirable 

that P is not added to the steel. However, P is the solute element which provides the 

least reduction of elongation in comparison to an increase of strength, and, in 

particular, has an advantage in that it is low in price. 
[99] As a result, for the purpose of strengthening the steel, although the fact is accepted 

that P must be basically added to the steel, investigations also have recently been 

progressed to strengthen the steel via addition of other solute elements instead of P in 
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order to eliminate the secondary work embrittlement while ignoring the slight increase 
in manufacturing costs resulting therefrom. 

[100] However, according to results of the investigations, it is anticipated that P will 

continue to be used as an element for strengthening steel for the foreseeable future. 

[101] As a method for enhancing the secondary work embrittlement in a P-added steel, 

investigations have been progressed for preventing the secondary work embrittlement 
through an increase of site competition effect against P or the bonding force of the 
grains boundaries by adding B to the steel or by allowing the solute elements to remain 
in the steel, such as the bake-hardenable steel, or through minimization of grain 
boundary diffusion of P by lowering a coiling temperature below a predetermined 
temperature during hot rolling, but have not yet provided a perfect solution to these 
problems. 

[102] Accordingly, the present invention employs Mo in order to further enhance the 

secondary work embrittlement resistance. 

[103] According to the results of the investigations of the inventors, it can be found that 

since Mo enhances the bonding force of the grains boundaries, it is very advantageous 
for enhancement of the secondary work embrittlement resistance. 

[104] Further, since Mo has an affinity to the solute elements in the steel, it suppresses 

diffusion of the solute elements toward dislocations when the steel is maintained for a 
long time at room temperature, thereby enhancing the aging resistance. 

[105] Fig. 3 is a graph showing one of the results obtained by analyzing the effect of 

enhancing the aging resistance through addition of Mo, and it can be seen from Fig. 3 
that when Mo content is increased, the BH value is not significantly changed, whereas 
the AI is lowered, thereby enhancing the aging resistance. 

[106] 

[107] According to one of the results obtained by analyzing the effect of enhancing the 

aging resistance through addition of Mo, the AI is mainly affected by the contents of 
Ti, Nb and Mo, as can be appreciated from Equation 2; 

[108] AI = 44 - (423 * Ti) - (21 19 * Nb) - (125 * Mo) — (2) 

[109] The inventors induce an optimal composition of the elements in order to use the 

properties of Mo and to prevent the deterioration of the property through excessive 
addition of Mo. 

[110] Additionally, according to the invention, the B content is appropriately controlled 

in order to enhance the secondary work embrittlement resistance. 

[Ill] Meanwhile, according to the invention, various well-known technologies may be 
additionally applied in order to enhance the secondary work embrittlement resistance, 
one example of which is appropriate control of coiling temperature. 

[112] Compositions of the steel according to the invention will now be described in 
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detail. 

[113] Carbon (C): C is an element for solid solution strengthening and bake hardening. If 

carbon content is excessively low, the tensile strength of the steel is significantly 
lowered, sufficient bake hardening effect is not secured due to a low absolute amount 
of carbon in the steel, and the secondary work embrittlement resistance is also de- 
teriorated since the site competition effect between the solute carbon and P is removed. 

[1 14] Thus, the carbon content is preferably 0.0016 % or more in order to ensure an 

effect of carbon addition. 

[115] On the other hand, if the carbon content is too high, since the aging resistance at 

room temperature cannot be secured due to excessive quantities of solute carbon 
remaining in the steel, stretcher strain occurs during press forming, thereby reducing 
the formability and ductility of the steel. Thus, the upper limit of the carbon content is 
set to 0.01 %, and preferably to 0.0025 %. 

[116] According to the invention, when the carbon content is in the range of 0.0016 •» 

0.0025 %, the ability to control the carbon content to be in this range is realized in a 
level of 95 % or more in practice. 

[117] Silicon (Si): Si is an element for increasing the strength of the steel. However, as 

the silicon content is increased, deterioration of ductility becomes remarkable, and 
since silicon deteriorates hot dipping capability, it is advantageous to minimize the 
quantity of silicon added to the steel. 

[118] Thus, according to the invention, in order to prevent deterioration of the properties 

including coating properties of the steel due to silicon, the silicon content is restricted 
to 0.1 % or less, and particularly to 0.02 % or less. 

[119] Manganese (Mn): Mn is an element for preventing hot embrittlement caused by 

formation of FeS by completely precipitating sulfur in the steel into MnS while 
allowing the grains to be reduced in size without deteriorating the ductility, as well as 
strengthening the steel. 

[120] In order to achieve sufficient effects from addition of manganese, Mn is preferably 

added in the range of 0.2 % or more. 

[121] 

[122] Meanwhile, if the Mn content exceeds 1.5 %, the formability is deteriorated due to 

solid solution strengthening as the strength of the steel is rapidly increased. In 
particular, when manufacturing a hot-dipped steel sheet, a great amount of oxides, such 
as MnO, and a number of coating defects, such as a stripe pattern, are formed on the 
surface of the steel sheet during an annealing process, thereby deteriorating the 
properties of the steel including coating adherence. 

[123] Accordingly, the Mn content is preferably in the range of 0.2 -1.5%, and more 

particularly, in the range of 0.2 ~ 1.2 %. 
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[124] Phosphorus (P): P is a substitutional alloying element, which provides the highest 

solid solution strengthening effect, and serves to enhance the in-plane anisotropy index 
while improving the strength of the steel. 

[125] With the results of the investigation of the inventors, P causes the grains of a hot- 

rolled steel sheet to become finer, and then serves to promote development of the mi- 
crostructure having (111) plane, which is advantageous in that it enhances the average 
r- value (plasticity-anisotropy index), during a subsequent annealing process. In 
particular, it can be found that, due to the site competition effect between carbon and 
phosphorous in view of the bake hardenability: the greater the amount of P the higher 
the bake hardenability. 

[126] However, the increase of phosphorous content causes the coupling force of the 

grain boundaries to be weakened, thereby deteriorating the secondary work embri 
ttlement resistance. 

[127] Accordingly, it is necessary to restrict the phosphorous content to within a range of 

0.05 ~ 0.15 %, and preferably in the range of 0.05 - 0.11 %. 
[128] Sulfur (S): Sulfur content is preferably in the range of 0.01 % or less. 

[129] Aluminum (Al): Aluminum is an alloying element considered an important element 

of the present invention. 

[130] 

[131] Al is generally used for deoxidizing and fixing the solute nitrogen in the steel. 

However, in the present invention, Al is combined with N during hot rolling to form 
fine A1N precipitates in the steel, thereby suppressing the grain growth and thus 
promoting grain refining during the annealing process, thereby enhancing the aging 
resistance and bake hardenability. 

[132] For an Nb-added bake-hardenable steel, grain refining is mainly achieved by NbC 

precipitates. 

[133] However, according to the invention, since the fine A1N precipitates suppress the 

grain growth together with the NbC precipitates during the annealing process, the 
grains can be further reduced in size, thereby providing excellent aging resistance and 
bake hardenability. 

[134] In the invention, it is necessary to set the Al content so as to provide the fine A1N 

precipitates during hot rolling. 
[135] When the Al content is below 0.08 %, since it is difficult to provide the fine A1N 

precipitates during hot rolling, it is necessary to set a lower limit of the Al content to 

0.08 %. 

[136] Preferably, the Al content exceeds 0. 1 %, and thus finer Al precipitates can be 

secured by addition of Al exceeding 0. 1 %. 
[137] Considering formability, surface quality affected by oxidized inclusions, and man- 
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ufacturing costs, an upper limit of the Al content is preferably 0.5 %, and more 
preferably 0.12 %. 

[138] It is necessary for the A1N precipitates to have a size, which can serve as a barrier 
to suppress the grain growth during annealing of the cold-rolled steel sheets, and it is 
preferable that the A1N precipitates have an average size of 20 D or less. 

[139] When the A1N precipitates have the average size of 20 D or less as described above, 

finer grains are obtained. 

[140] 

[141] Nitrogen (N): Nitrogen exists in a solute state before or after annealing, and de- 

teriorates the formability of the steel. Furthermore, since nitrogen has a higher aging 
ability than other interstitial solute elements, it is necessary to fix nitrogen by use of Ti 
or Al. 

[142] In the case of the invention wherein an appropriate amount of Nb is added to the 

steel together with a small amount of Ti, excessive addition of nitrogen causes 
generation of solute nitrogen in the steel. 

[143] Thus, the nitrogen content is restricted to 0.0025 % or less. 

[144] 

[145] Titanium (Ti): Titanium is typically added to the steel as a carbonitride-forming 

element, and forms nitrides such as TiN, sulfides such as TiS or Ti C S , and carbides 

4 2 2 

such as TiC, in the steel. 
[146] However, according to the invention, Ti is not added to the steel, and, if at all, the 

amount of Ti added to the steel is restricted to 0.003 % or less, which can fix a small 
amount of nitrogen under consideration that Ti is contained in a raw material of the 
steel, to the steel from equipment, and to the steel dining a process. 

[147] 

[148] Niobium (Nb): Niobium is a very important element together with Al and Mo in 

the present invention. 

[149] Nb is an intensive carbonitride-forming element, and fixes carbon in the steel as 

NbC precipitates. In particular, since the NbC precipitates are very fine in comparison 
to other precipitates, it acts as an intensive barrier to impede the grain growth during 
recrystallization annealing, thereby causing the grains to become finer. 

[150] When the grains are reduced in size as described above, the bake hardenability and 
the secondary work embrittlement resistance are enhanced. 

[151] However, in order to enhance the bake hardenability, not only is the grain refining 

effect required, but a predetermined amount of solute carbon is also required. 

[152] Accordingly, according to the invention, the grains are refined by means of the 

NbC precipitates, and the amount of Nb is controlled so as to secure the bake hard- 
enability by allowing the predetermined amount of solute carbon to remain in the steel. 
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The Nb content is preferably in the range of 0.003 -0.1 %, and more preferably in the 
range of 0.003 ~ 0.01 1 %. 

[153] It is desirable that the size of NbC precipitates is 30 nm or less. 

[154] Additionally, in order to more appropriately control the bake hardenability and the 

aging resistance at room temperature, it is necessary to control not only the Nb content 
but also the Nb/C ratio at the same time, and according to the invention, it is necessary 
to control the Nb/C ratio to be in the range of 0.3 ~ 0.7. 

[155] In the case of an Nb/C ratio of less than 0.3, the bake hardening value is lowered 

due to lack of an absolute amount of solute carbon in the steel, and in the case of a Nb/ 
C ratio of greater than 0.7, even though the bake hardening value is increased due to an 
increase of the amount of solute carbon in the steel, the aging index is also increased, 
thereby deteriorating the aging resistance at room temperature. Accordingly, it is 
necessary to limit the ratio of Nb/C to within the range of 0.3 ~ 0.7. 

[156] 

[157] Molybdenum (Mo): Molybdenum is another very important element in the present 

invention. 

[158] Mo serves to enhance the strength of the steel or to form an Mo-based carbide in 

the solute state in the steel. In particular, Mo serves to increase the coupling force of 
the grain boundaries in the solute state in the steel, thereby preventing fracture of the 
grain boundaries caused by P, that is, enhancing the secondary work embrittlement 
resistance, and suppresses the diffusion of carbon by virtue of affinity with carbon, 
thereby enhancing the aging resistance. 

[159] However, addition of too much Mo will cause an increase of manufacturing costs. 

[160] Thus, considering the effect of Mo addition upon manufacturing costs, the Mo 

content is preferably in the range of 0.01 ~ 0.4 %, and more preferably in the range of 
0.01 ~ 0.1 %. 

[161] 

[162] Boron (B): Boron is an interstitial element, and is located within the steel. B is in 

the solute state in the grain boundaries or combined with nitrogen to form the nitride of 
BN. 

[163] Since B has a significant influence upon the properties of the steel according^to an 

added amount, it is necessary to precisely control the amount added. 

[164] That is, when a small quantity of B is added, B is segregated in the grain 

boundaries, and enhances the secondary work embrittlement resistance. 

[165] However, when B is added to the steel above a predetermined amount, the steel can 
be remarkably deteriorated in ductility while being subjected to an increase of the 
strength, and thus it is necessary to add an appropriate amount of B. 

[166] Thus, according to the invention, considering these characteristics and an ability of 
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manufacturing the steel through addition of B, the amount of B is preferably in the 
range of 0.0005 ~ 0.005 %, and more preferably in the range of 0.0005 ~ 0.0015 %. 

[167] The steel sheet of the invention must have a grain size(ASTM No.) of 9 or more 

while satisfying the compositions as described above. 

[168] As such, when the steel sheet has the grain size of ASTM number of 9 or more, the 

amount of solute carbon in the grain boundaries is increased, thereby allowing the bake 
hardenability to be further enhanced while maintaining excellent aging resistance at 
room temperature. 

[169] On the other hand, when the steel sheet has a grain size of ASTM number less than 
9, sufficient effect of enhancing the bake hardenability cannot be desired. 

[170] The steel sheet of the invention has a greater amount of solute carbon in the grain 

boundaries rather than in the grains. 

[171] In the present invention, a preferable amount of solute carbon in grain is ap- 

proximately 3-6 ppm. 

[172] Additionally, the size of A1N precipitates formed during hot rolling is preferably 20 

D or less. 

[173] When the size of A1N precipitates is 20 D or less, the grains become finer, resulting 

in further enhancement of the bake hardenability. 
[174] The steel sheet of the invention has excellent bake hardenability, aging resistance, 

secondary work embrittlement resistance, and a tensile strength of 300 MPa or more. 
[175] A preferable embodiment of a method for manufacturing steel of the invention will 

now be described. 

[176] After manufacturing a molten steel having the composition as described above, a 

steel slab is manufactured through continuous casting of the molten steel, and is then 
heated to a temperature of 1,200 °C or more. The heated steel slab is subjected to hot- 
rolling with finish rolling at or above the Ar^ transformation temperature, preferably at 
a temperature of 900 ~ 950 °C, which is immediately above the Ar 3 transformation 
temperature, thereby providing a hot rolled steel sheet 

[177] Heating of the steel slab to the temperature of 1,200 °C or more is for the purpose 

of providing sufficiently homogeneous austenite structure to the steel slab before hot 
rolling. 

[178] That is, when the steel slab is at a temperature less than 1,200 °C, the structure of 

the steel may have combined grains instead of homogeneous austenite grains, causing 
deterioration of the properties of the steel. 

[179] If the finish hot rolling temperature is too low, the top and tail portions, and edges 

of a hot coil become single-phase regions, respectively, thereby increasing the in-plane 
anisotropy while deteriorating the formability of the steel. If the finish hot rolling 
temperature is excessively high, remarkably coarse grains are formed in the steel, so 
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that defects such as orange peels can be easily formed on the surface of the steel sheet 
after working. 

[180] Thus, the finish hot rolling temperature must be established on the basis of these 

viewpoints as described above. 

[181] Meanwhile, when a hot coiling temperature is excessively high, sufficient effect of 

grain refining cannot be obtained due to an increase in the size of grains after 
annealing, and the secondary work embrittlement can easily occur due to an increase of 
segregation of phosphorous in the grain boundaries. When the hot coiling temperature 
is too low, the aging resistance and secondary work embrittlement resistance are 
enhanced due to the grain refining effect, whereas the yield strength is excessively 
increased together with deterioration of the foimability. 

[182] Thus, the hot coiling temperature must be established on the basis of these 

viewpoints as described above. 

[183] According to the invention, the hot coiling temperature is preferably in the range of 

550 ~ 650 °C, and more preferably in the range of 600 ~ 650 °C. 

[184] After the hot rolled steel sheet is subjected to acid pickling, cold rolling is 

performed, thereby manufacturing a cold-rolled steel sheet. 

[185] At this time, a reduction rate is preferably 70 - 80 %. 

[186] The reduction rate is maintained at 70% or more for the purpose of enhancing the 

formability of the steel sheet, in particular, the r- value, together with the aging 

resistance by virtue of grain refining. 
[187] Meanwhile, when the reduction rate is above 80%, grain refining occurs, and 

becomes excessive together with gradual reduction of the r-value due to the excessive 

reduction rate, causing the material to be hardened. 
[188] Then, the cold-rolled steel sheet is subjected to continuous annealing by a typical 

method. 

[189] Without being limited to this condition, continuous annealing of the invention may 

be performed at about a temperature of 770 - 830°C. 
[190] Since the Nb-added steel has a higher recrystallization temperature than the Ti- 

added steel, and the present invention provides the Nb-added steel, annealing is 

preferably performed at a temperature of 770 °C or more. 
[191] That is, when annealing is performed at a temperature less than 770 °C, the yield 

strength is increased while the elongation and the r-value are deteriorated due to 

existence of non-recrystallized grains. 
[192] On the other hand when annealing is performed at a temperature exceeding 830 °C, 

the formability is enhanced. However, in this case, since the grain size (ASTM No.) is 

less than 9, which is the desired ASTM No. of grain, the AI is 30 MPa or more, and the 

aging resistance is deteriorated. 
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[193] The annealed cold-rolled steel sheet is cooled to room temperature after continuous 

annealing, and is then subjected to hot dipping. Alternatively, while performing 
continuous annealing, the cold-rolled steel sheet is cooled from the continuous 
annealing temperature to the hot dipping temperature, and is then subjected to hot 
dipping. 

[194] According to the invention, hot dipping is not limited to particular conditions, and 

is performed by a typical method. 
[195] A hot dipping temperature is typically in the rage of about 450 ~ 500 °C. 

[196] Next, the hot dipped steel sheet is subjected to temper rolling. 

[197] At this time, temper rolling is performed in order to ensure the aging resistance at 

room temperature together with appropriate bake hardenability. The temper rolling 

ratio is a little higher than typical temper rolling, and preferably in the range of 1.2 ~ 

1.5 %. 

[198] That is, the reason of a little higher temper rolling ratio than the typical temper 

rolling is for preventing deterioration of the aging resistance due to the solute carbon in 
the steel. 

[199] However, when the drawing ratio of temper rolling is excessively high, even 

though the aging resistance is enhanced, work hardening occurs, thereby deteriorating 
the properties of the steel. In particular, when manufacturing the hot-dipped steel sheet 
using the steel sheet of the invention, excessive temper rolling results in deterioration 
of the coating adherence, thereby causing a coated layer to be peeled off. 

[200] Thus, the temper rolling ratio must be established in view of the aging resistance at 

room temperature and the coating adherence. 

[201] The invention will be described in detail with reference to examples. 

[202] 

[203] Example 1 

[204] Steel slabs having compositions as shown in Table 1 were heated to a temperature 

of 1,220 °C, and subjected to finish hot rolling at a temperature of 920 °C in order to 
provide hot rolled steel sheets. 

[205] The hot rolled steel sheets were coiled under the conditions shown in Table 2, and 

subjected to cold rolling and annealing. Then, the annealed cold-rolled steel sheets 
were subjected to hot dipping at a temperature of 450 °C, followed by temper rolling at 
a temper rolling ratio of about 1.5 %. Next, a bake hardening (BH) value, an aging 
index (AI), a grain size (ASTM No.), a size of A1N precipitates, and a ductility- 
brittleness transition temperature (DBTT) were measured. Results thereof are shown in 
Table 2. 

[206] In Table 2, the DBTT was measured for evaluating the secondary work em- 

brittlement, and measured at a drawing ratio of 2.0. 
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[207] For Inventive steel No. 8, the microstructure was observed at a magnification of 
200 times after annealing the steel sheet, and the results of observation are shown in 
Fig. 4. 

[208] For the Inventive steel No. 8, Comparative steel No. 6, and conventional steel, 

variation in DBTT according to variation in drawing ratio was investigated, and the 

results are shown in Fig. 5. 
[209] At this time, the conventional steel is a steel comprising 0.0019 wt% of C; 0.63 

wt% of Mn; 0.056 wt% of P; 0.03 wt% of soluble Al; 0.005 wt% of Ti; 0.006 wt% of 

Nb, and 0.014 wt% of N. 
[210] Additionally, tensile strengths of the Inventive steel No. 8 before and after 

annealing were measured, and stress-strain curves thereof are shown in Fig. 6. 
[211] In Fig. 6, an as-received curve is a stress-strain curve for the tensile strength of the 

steel measured immediately after being manufactured, and a 1 80-day s aged curve is a 

stress-strain curve for the tensile strength of the steel measured after transportation of 

the steel to Thailand and storage for 6 months. 
[212] During transportation to the tropics and storage of the Inventive steel No. 8 in 

Thailand, the Inventive steel No. 8 was maintained at an average temperature of 32 °C 

and a humidity of about 70 %. 

[213] 
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Table 1 



Sample 


Composition (wt%) 


No. 


C 


Mn 


Si 


P 


1 S 


Sol.Al 


Ti 


Nb 


N 


Mo 


B 


Nb/C 




1 


0.0024 


0.58 


0.01 


0.069 


0.0082 


0.087 


0 


0.008 


0.0016 


0.034 


0.0005 


0.43 




2 


0.0022 


0.63 


0.009 


0.068 


0.0081 


0.098 


0 


0.01 


0.0024 


0.048 


0.0005 


0.59 




3 


0.0023 


0.45 


0.01 1 


0.062 


0.0058 


0.105 


0.0025 


0.OO82 


0.0019 


0.061 


0.0007 


0.46 




4 


0.0024 


0.61 


0.008 


0.071 


0.0083 


0.118 


0.0015 


0.0073 


0.0015 


0.059 


0.0005 


0.39 


IS 


5 


0.0017 


0.98 


0.01 


0.096 


0.0070 


0.105 


0 


0.004 


0.0017 


0.051 


0.0008 


0.3 


6 


0.0019 


1.01 


0.015 


0.10 


0.0063 


0.089 


0 


0.005 


0.0020 


0.062 


0.0009 


0.34 




7 


0.002 1 


1.10 


0.007 


0.099 


0.0073 


0.105 


0 


0.007 


0.0013 


0.045 


0.0005 


0.43 




8 


0.0023 


0.98 


0.013 


0.091 


0.0057 


0.104 


0.001 


0.011 


0.0013 


0.098 


0.0007 


0.62 




9 


0.0020 


0.43 


0.01 


0.030 


0.008 


0.30 


0.003 


0.008 


0.0017 


0.049 


0.0005 


0.52 




10 


0.0022 


0.32 


0.008 


0.035 


0.007 


0.42 


0.002 


0.01 


0.0021 


0.021 


0.0006 


0.59 




1 






0 01 




0 0071 


o or? 


o 001 


0 011 


O HOI 7 


O 071 
VJ.UZ 1 


O 0007 


O 7A 
U.ZO 




2 


0.0022 


0.63 


0.014 


0.066 


0.0085 


0.040 


0.025 


0.009 


0.0015 


0.015 


0.0005 


0.57 




3 


0.0012 


0.65 


0.011 


0.070 


0.0072 


0.075 


0.001 


0.0105 


0.0019 


0.059 


0.0008 


1.13 




4 


0.0021 


0.93 


0.008 


0.096 


0.0089 


0.043 


0 


0.022 


0.0017 


0.021 


0.0006 


1.35 


CS 


5 


0.0022 


0.59 


0.009 


0.062 


0.0066 


0.071 


0.002 


0.009 


0.0022 


0 


0.0007 


0.53 


6 


0.0019 


0.99 


0.007 


0.099 


0.0078 


0.041 


0.001 


0.008 


0.0021 


0 


0 


0.54 




7 


0.0020 


0.62 


0.015 


0.047 


0.0085 


0.021 


0 


0.010 


0.0019 


0 


0 


0.65 




8 


0.0023 


0.98 


0.016 


0.120 


0.0078 


0.098 


0.001 


0.009 


0.0023 


0.031 


0 


0.50 




9 


0.0024 


0.54 


0.01 


0.059 


0.0087 


0.29 


0 


0.005 


0.0022 


0 


0.0007 


0.48 




10 


0.0069 


0.43 


0.009 


0.056 


0.010 


0.36 


0.003 


0.010 


0.0019 


0.015 


0.0005 


0.19 



[214] 
[215] 
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Table 2 



Sample 

1 No. 


PT 
V ^ ) 


RCUUvUUU 


AT 

ft: i 


PT-T value 
Ijxi value 


AT 


VJIain ol^C 

( ASTM No i 


DRTT 

V W 


A Its! <!irf» 


IS 


1 


620 


78 


805 


42.7 


22.8 


10.5 


-50 


20 or less 


2 


620 


77 


820 


40.2 


16.8 


9.8 


-40 


20 or less 


3 


620 


78 


825 


41.3 


17.9 


9.9 


-50 


20 or less 


4 


610 


76 


800 


44.4 


20.5 


10.5 


-60 


20 or less 


5 


640 


78 


820 


50.2 


29.1 


10.0 


-40 


20 or less 


6 


620 


78 


820 


47.6 


25.7 


11.1 


-50 


20 or less 


7 


620 


75 


830 


45.4 


23.5 


11.5 


-40 


20 or less 


8 


620 


78 


820 


38.1 


8.0 


11.3 


-40 


20 or less 


9 


620 


78 


820 


53.2 


19.7 


12.5 


-70 


20 or less 


10 


620 


77 


820 


58.4 


19.3 


11.7 


-60 


20 or less 


cs 


1 


620 


78 


810 


62.0 


51.2 


11.2 


-60 


20 or less 


2 


640 


78 


820 


13.1 


12.5 


8.1 


10 


20 or more 


3 


620 


78 


810 


0 


0 


8.2 


20 


20 or more 


4 


630 


76 


800 


0 


0 


9.1 


20 


20 or more 


5 


620 


78 


810 


38.3 


24.1 


10.9 


0 


20 or more 


6 


630 


77 


820 


36.4 


26.6 


9.2 


-10 


20 or more 


7 


620 


76 


810 


34.1 


22.8 


9.5 


i -10 


20 or more 


8 


640 


78 


820 


40.9 


20.6 


9.8 


0 


20 or less 


9 


620 


77 


820 


60.0 


33.4 


11.2 


-60 


20 or less 


10 


640 


77 


820 


63.8 


39.7 


11.7 


-70 


20 or less 



IS: Inventive steel, CS: Comparative steel, CT: Coiling temperature, AT: Annealing temperature 



[216] 

[217] As shown in Table 2, it can be appreciated that Inventive steel Nos. 1 to 10 have a 

grain size(ASTM No.) of 9.8 ~ 12.5, and have A1N precipitates with an average size of 
20 CI or less. 

[218] It can be appreciated from Fig. 4 that the Inventive steel No. 8 has very fine grains 

while having a very uniform distribution of grains over the microstructure. 

[219] As shown in Table 2, the grains of the inventive steels are very fine, and this is 

because the inventive steels have a greater content of Al than the comparative steel so 
that fine A1N precipitates are formed in the inventive steels, and suppress grain growth 
upon reciystallization annealing together with NbC precipitates. 

[220] Due to such grain refining effect, the bake hardening value is in the range of 38.1 - 

58.4 MPa, and the AI for evaluating the aging resistance at room temperature is in the 
range of 8.0 ~ 29.1 MPa. Accordingly, it can be appreciated that balance between the 
BH value and the aging resistance is excellent. 

[221] Meanwhile, it seems that a relatively low AI compared with a relatively high bake 

hardening value is based on retarding effect of solute carbon in the steel caused by 
addition of Mo in addition to grain refining effect caused by the A1N precipitates. 

[222] Additionally, in view of the secondary work embrittlement, it can be seen that the 

DBTT at the drawing ratio of 2.0 is in the range of -40 ~ -70 °C. 

[223] As shown in Fig. 5, it can be seen that the Inventive steel No. 8 has an excellent 

DBTT caused by an increase of coupling force between the grains due to addition of 
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Mo, in comparison to Comparative steel No. 6 and the conventional steel. 
[224] As shown in Fig. 6, it can be seen that the Inventive steel No. 8 has an excellent 

aging resistance under long-term duration of 6 months or more at a high temperature 
[225] Thus, it can be appreciated that the inventive steels have excellent bake hard- 

enability and secondary work embrittlement resistance, and are not deteriorated due to 

aging under long-term duration of 6 months or more at a high temperature of the tropic 

region. 

[226] Meanwhile, Comparative steel No. 1 has a carbon content of 0.0054 wt% higher 
than the carbon content of the invention in the range of 0.0016 ~ 0.0025 %. Although 
the Comparative steel No. 1 has an excellent DBTT and a significantly high BH value, 
it has an AI of 30 MPa, and thus, it can be seen that the aging resistance is significantly 
deteriorated. That is, although the Comparative steel No. 1 has a grain size of ASTM 
No. 1 1.2, and has very fine grains that satisfy the requirement for grains size of the 
invention, the high content of solute carbon in the steel causes the aging resistance of 
the Comparative steel No. 1 to be deteriorated. 

[227] Additionally, Comparative steel No. 2 has a soluble Al content of 0.04 wt%, which 
is lower than the Al content of the invention in the range of 0.08 - 0. 12 %, and a Ti 
content of 0.025 %, which is higher than the Ti content of the invention. The 
Comparative steel No. 2 has large grains, a low BH value, and a deteriorated DBTT. 

[228] That is, for the Comparative steel No. 2, the grain refining effect by virtue of the 

A1N precipitates, and the effect of enhancing the BH value were not achieved. 
Furthermore, the high content addition of Ti causes most of the carbon added to the 
steel to be precipitated as TiC, so that the bake hardenability is hardly imparted to the 
steel, and reduction of the solute carbon in the steel also causes the site competition 
effect between C and P to be lowered, thereby deteriorating the DBTT. 

[229] Comparative steel No. 3 satisfies the composition of the invention, but has a carbon 

content of 0.0012 wt%, which is lower than the carbon content of the invention. 

[230] It can be seen that, due to reduction in the absolute amount of carbon in the steel, 

the Comparative steel No. 3 has coarse grains, low BH value and AI, and a deteriorated 
DBTT of 20 °C. 

[231] Comparative steel No. 4 has a soluble Al content lower than that of the invention, 

and an Nb content higher than that of the invention. 

[232] For the Comparative steel No. 4, the grain refining effect by virtue of Al, and the 

effect of enhancing the BH value were not achieved. Furthermore, although the 
Comparative steel No. 4 has a grain size of ASTM No. 9.1 that satisfies the re- 
quirement for grain size of the invention, it can be seen that the excessive addition of 
Nb causes excessive generation of NbC precipitates, and lack of the solute carbon in 
the steel, so that the BH value is not obtained at all, and the DBTT is significantly de- 
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teriorated. 

[233] Compared with the composition of the invention, Comparative steel No. 5 does not 
comprise Mo and B at all, and the effect of enhancing the secondary work em- 
brittlement resistance by virtue of Mo and B is thus not expected in the Comparative 
steel No. 5. 

[234] That is, although the Comparative steel No. 5 has excellent BH and AI values, it 

has a significantly deteriorated DBTT due to non-addition of Mo and B. 

[235] Comparative steel No. 6 has a soluble Al content lower than that of invention, and 

does not comprise Mo at all. It can be seen that although the Comparative steel No. 6 
has excellent BH value and AI, it has a deteriorated DBTT due to decrease of the 
coupling force between the grains caused by non-addition of Mo compared with a high 
content of P. 

[236] Comparative steel No. 7 has a soluble Al content lower than that of invention, and 

does not comprise Mo and M at all. The Comparative steel No. 7 has a BH of 34.1, and 
an AI of 22.8. It has a deteriorated DBTT due to non-addition of Mo and B. 

[237] Comparative steel No. 8 has a P content 0.12 % higher than that of the invention in 

the range of 0.05 - 0. 1 1 %, and does not comprise B. It can be seen that, although the 
DBTT of the Comparative steel No. 8 is enhanced by virtue of Mo, the effect of 
enhancing the DBTT is limited due to high content addition of P, and in particular, the 
DBTT is still negative due to non-addition of B. 

[238] Comparative steel No. 9 does not comprise Mo, and has an AI of 33.4 MPa. It can 

be seen that the aging resistance is deteriorated. 

[239] Comparative steel No. 10 has an Nb/C ratio lower than that of the invention. 

Although it has excellent bake hardenability due to a high BH value, it also has de- 
teriorated aging resistance due to a high AI. 

[240] 

[241] Example 2 

[242] Samples were manufactured following the same compositions and manufacturing 

conditions as those of the Inventive steel No. 8 as shown in Tables 1 and 2 except that 
the ratio of Nb/C was changed as shown in Fig. 7. Then, the BH value and AI were 
measured according to variation of the ratio of Nb/C, and results thereof are shown in 
Fig. 7. 

[243] It can be seen from Fig. 7 that the Nb/C ratio must be in the range of 0.3 ~ 0.7 in 

order to secure a BH value of 30 MPa or more and an AI of 30 MPa or less. 

[244] 

Industrial Applicability 

[245] As apparent from the above description, according to the present invention, the 
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bake-hardenable high-strength cold-rolled steel sheets having excellent bake hard- 
enability, aging resistance, and secondary work embrittlement resistance, and the hot- 
dipped steel sheets using the same may be provided. 

[246] 

[247] Although the preferred embodiments of the present invention have been disclosed 
for illustrative purposes, those skilled in the art will appreciate that various modi- 
fications, additions and substitutions are possible, without departing from the scope 
and spirit of the invention as disclosed in the accompanying claims. 



